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[57] ABSTRACT

A switchable arrangement for at least three different
operating states is made possible with a minimum num-
ber of external winding terminals and a switching de-
vice as simple as possible, and current heating of the
entire winding as uniform as possible. In the starting-up
stages with free adaptation of the inrush current reduc-
tion and far-reaching avoidance of disturbing field har-

" monics is provided. The machine impedance is in-

creased over the normal operating stage by the provi-
sion that in the normal operating stage the parallel con-
nected winding branches assigned to a leg are separated
and are assigned to different branches, remain without
current in part in individual stages and/or are operated
with partly different direction of excitation.

12 Claims, 5 Drawing Sheets
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1
CIRCUIT AND WINDING ARRANGEMENT FOR A

MULTIPHASE ELECTRIC ROTATING FIELD
MACHINE

a. BACKGROUND OF THE INVENTION

The invention relates to a circuit and winding ar-
rangement for a multiphase electric rotating-field ma-
chine particularly an induction motor having a squirrel
cage rotor, for increasing the effective machine impe-
dance and for reducing an inrush current of squirrel

cage induction motors.

b. DESCRIPTION OF THE PRIOR ART

In a known two-stage Y-delta starting arrangement
for multiphase rotating field electric machine, six exter-
nal winding terminals (two for each leg) are switched

by three 3-pole contactors. This arrangement results in
a reduction of the inrush current by a ratio 1:V3. A
torque reduction of approximately 1:3 is also obtained in
the Y- operating stage as compared to a switching cir-
cuit having a delta connection.

In the publication CONTI ELEKTRO BERICHTE
(1965), particularly pages 212 to 215, circuit modifica-
tions for multistage Y-delta starting arrangements are
.known which require nine external terminals and corre-

spondingly more elaborate switching devices. This ar-
rangement also permits intermediate current and torque

reduction.
Another arrangement for starting electric machines is
‘the so-called partial-winding starting arrangement, such
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as 1s known, for instance, from page 284 of the book by

~ Schuisky, “INDUKTIONSMASCHINEN”, Vienna,

Springer Verlag (1957) and from pages 359 to 364 of the
book by H. Sequenz, “DIE WICKLUNGEN ELEK-
TRISCHER MASCHINEN”, Vol. 3, “WECHSEL-
STROMSONDERWICKLUNGEN?”, Vienna,
Springer Verlag (1954).

In this starting arrangement, winding branches of

35

each leg, which are connected parallel during normal 40

operation of the motor, are separated during the starting
process and are connected only partially to the net-
work, while the remaining section of the windings re-
main idle. The effective stator impedance is then in-
creased in the ratio of the complete winding to the
active winding sections connected to the network.
However, a harmonic reactance which depends on the
winding distribution, is generally increased substantially

45

and 1s caused by the pronounced winding harmonic and

subharmonic fields due to the partial winding operation.

Two-stage switching arrangements have the advan-
tage of only two three-phase switching contactors
which require only six external winding terminals.
However this i1s counterbalanced by the disadvantage
that, due to the field harmonics and subharmonics,
harmful parasitic torques occur which may in some
cases cause stalling of the motor during acceleration. In
addition, the dissipation losses in the stator produced
during the acceleration phase are concentrated in the
- winding parts connected to the network. If therefore
the motor is frequently turned on and off as is the case,
for instance, in repetitive applications, a very uneven
and undesirable thermal stress of the individual winding
parts in the stator is obtained.

German Pat. No. PS 69 56 98 discloses an arrange-
ment which is switchable in two stages, for a double-Y
circuit similar to FIG. 1. In this arrangement the wind-
ing branches normally belonging to a leg are separated
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and are assigned to other legs. U.S. Pat. No. 1,848,519
and the Japanese Application JP-A-55 117 491, disclose,
in addition, a comparable arrangement, switchable in
two stages, of for a double-delta circuit similar to the
embodiment of FIG. 3. In both cases, three connecting
elements contact the six winding terminals. Multistage
switching according to the first-mentioned patent is also
described 1n German Pat. No. 75 22 48, in which one-
half of the winding is divided into additional Y-con-
nected winding branches similar to FIG. 2.

OBJECTIVES AND SUMMARY OF THE
' INVENTION

It 1s an object of the invention to provide a circuit and
winding arrangement which can be switched in several
stages, with a minimum of external winding terminals
and as few as possible associated contact points. An-
other object is to provide a switching device makes it
possible to achieve a desired reduction of the inrush
current and to avoid interfering harmonics of the
torque. |

The separation of the winding branches belonging to
a particular leg in normal operation and their associa-
tion to different legs will be designated in the following
as feature Al. The operation of the winding branches

with partially different direction of excitation will be
designated in the following as feature B1l. Features A1l
and B can be used together.

BRIEF DESCRIPTION OF THE FIGURES

Different examples of the circuit and winding ar-
rangements according to the invention are shown in the
drawings.

FIG. 1 shows a basic Y- circuit including feature Al
which can be switched in two stages, with six winding
branches and six external terminals;

FIG. 2 shows a circuit including feature A1 which
can be switched in three stages, with three additional
winding branches Z and six external terminals;

FIGS. 3, 4 show Y- circuits including feature Al
which are modified in accordance with the invention
and can be switched in three, four or five stages, with
nine external terminals:

FIG. 5 shows a basic delta circuit with feature Al
which can be switched in two stages, with six winding
branches and six external terminals;

FIG. 6, 7, 8 show modifications of the circuit of FIG.
S which can be switched in 2, 3 or 4 stages, with six or
nine external terminals;

- FIG. 9 shows a Y- circuit with feature B1 according
to the invention, with nine winding branches and nine
external terminals;

FIG. 10 shows a triply switchable Y circuit with
feature B1 with nine winding branches and nine exter-
nal terminals;

FIG. 11 shows a delta circuit with feature Bl accord-
ing to the invention which can be switched triply, qua-
druply or quintuply, with nine winding branches and
nine external terminals,

FIGS. 12, 13, 14 shows various other embodiments of
the physical coil arrangement of the winding branches;

FIG. 15 shows a complete three phase winding in
accordance with FIG. 1 with a winding branch group-
ing according to Table X; and

FIG. 16 shows fundamental-wave and harmonic tor-
que/speed characteristics for a machine constructed in
accordance with the invention.
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DETAILED DESCRIPTION OF THE
INVENTION

Table I-XII attached hereto contain connection lis-
tings for the embodiments of FIGS. 2-11 for multiple
stage operations as follows:

Table I Shows listings for the circuit according to FIG. 2
Table I1 Shows listings for the circuit according to FIG. 6
Table 111 Shows listings for the circuit according to FIG. 3
Table IV Shows listings for the circuit according to FIG. 7
Table V Shows listings for the circuit according to FIG. 4
Table VI Shows listings for the circuit according to FIG. §
Table VII  Shows listings for the circuit according to FIG. 9
Table VIII Shows listings for the circuit according to FIG. 10
Table IX Shows listings for the circuit according to FIG. 11
Table X Shows a subdivision into three parallel winding
branches
Table X1 Shows a subdivision into two different parallel
branches
Table XII  Overview of the grouping of the two winding

branches {or a four-pole winding with four coils
per pole and leg.

In the figures the circuit for the starting stages, with
increased effective machine impedance is shown, in
which connection is made at the terminals 1, 2 and 3.
The circuit connections stage necessary for the normal
operating stage, 1.e., after the machine has reached nor-
mal operating conditions, are indicated in the figures by
dashed lines and will be explained in the following in
greater detail, referring to the corresponding tables.

Basic Circuit According to Feature A1l and
Modifications Thereof

In the basic circuits shown in FIGS. 1 and 5 for fea-
ture A1, the starting stage is a delta circuit with connec-
tions at the terminals 1, 2 and 3. Each leg comprises two
series-connected winding branches which form respec-
tive parallel branches of different legs in the normal
operating stage.

A number of modifications of the basic circuits can be
obtained by three additional winding branches Z. Addi-
tional winding branches Z can be connected in a fixed
manner, for instance, as in FIG. 2 or FIG. 6in a Y- or
delta circuit and parallel to the remaining part of the
winding at the terminals 1, 2 or 3. Each winding branch
Z 15 then in operation continuously. The two-stage
switching can be accomplished with the same six termi-
nals whereby the basic circuits of FIGS. 1 and 5 is
unchanged.

If these additional winding branches Z are made so
that they can disconnected as shown in FIGS. 2 and 6,
for which purpose three additional terminals 7, 8, 9 are
required, four switching stages can be obtained as listed
in Tables I and II. Three-stage switching is obtained by
omitting one of the switching stages 1., 2. or 3. (See
Tables 1 and 2).

If the additional winding is firmly connected (with
only six terminals 1-6 and fixed connections of termi-
nals 1-7, 2-8 and 3-9 internal to the machine), only the
switching stages 3. and 4. are possible. These connec-
tions are framed in bold lines in the tables.

In order to achieve a stepwise decrease of the effec-
tive machine impedance, it may be necessary, depend-
Ing on the respective winding subdivisions present, to
optionally interchange the switching stages 1. and 2.
given in the tables.

Further circuit embodiments shown in FIGS. 3, 4 and
7 are by the provision that the three additional winding
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branches Z are not interconnected, i.e., the Z-branches
are connected individually at connecting points of the
normal windings. The switching stages achievable for
these embodiments are listed and explained in the corre-
sponding tables III, IV and V. Again, bold lines indicate
the switching stages which can be obtained with only
six terminals if, for instance, in FIGS. 3 and 7, the addi-
tional winding branches Z are firmly connected by
internal switching connections of the terminals 1-7, 2-8,
3-9 or the Y- connection of the additional terminals 7, 8,
9 in FIG. 4 are not.external.

Particularly noteworthy are the two modifications
shown in FIGS. 3 and 4 to the basic Y- circuit of FIG.
1. Accordingly to Tables III and V, these modifications
with nine terminals, allow five switching stages with
different effective machine impedance.

In the embodiment according to FIG. 4 of Table V,
three circuit states can be achieved with only six termi-
nals. The additional terminals 7, 8 and 9 of the Y-point
need not be external. In the normal operating stage, a
triple (three-phase) Y-circuit with three distinct sepa-
rated central points is then used. Importantly in a first
operating stage current is fed to terminals 4, 5 and 6 of
the additional winding branches Z. The closed winding
loop of the rest of the winding operates here only as a
Y-point ring connection with impedance. In principle
the same situation prevails otherwise also in FIG. 3,
Table III, switching stage 1.

In the two modifications shown in FIGS. 7 and 8 of
the basic delta circuit (FIG. 5), which according to
Tables IV and VI make possible with nine terminals five
different switching stages each, the following charac-
teristics should be noted: If in FIG. 7, the main means
connection 1s made to the additional terminals 7, 8 and
9 (Table IV, lst stage), then the additional winding
branches Z are connected in series with the rest of the
winding in a delta circuit, partially in opposing direc-
tions, and carry 3-times the normal current. In this oper-
ating stage, similar impedance-increasing conditions are
obtained as in the circuits according to FIGS. 9, 10 and
11 as explained below.

In FIG. 8, the three additional winding branches, not
specifically designated, are inserted within the winding
branch which i1s closed in itself in a triple loop with
respect to 1ts phase.

The sequence of the individual switching stages given
in the table do not necessarily result in a stepwise de-
crease in the machine impedance. As was already
pointed out in connection with Tables I and II, this
depends largely on the respectively prevailing winding
division. As already mentioned, individual switching
stages can also be omitted.

Basic Circuits For to Feature B1 and Modification
thereof

A basic Y-circuit according to feature B1 is shown in
FIG. 9. The Y-circuit shown in FIG. 10, like the delta
circuit in FIG. 11, involves a combination of the two
features A1l and Bl. By interchanging the terminals
with 7, 2 with 8 and 3 with 9 in FIG. 11, another em-
bodiment according to feature B1 alone is obtained. The
advantage of the embodiments with combined features
Al and B1 shown in FIGS. 10 and 11 is an additional
degree of freedom for the design of the winding and the
reduction of m.m.f. harmonics which is created by the
changing leg assignment of individual winding
branches.
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It 1s a characteristic feature of circuit arrangements
according to feature B1 that two successive winding
branches are excited in opposite directions in the start-
ing stage with the highest effective machine impedance.
Therefore they do not contribute to the resulting funda-
mental excitation but only increase the effective impe-
dance. Since nine external terminals, are required for
switching windings, additional switching stages are
available by shorting these winding branches, as well as
partial winding operation. Overall, the switching stages
explained in Tables VII, VIII and IX for the circuits
according to FIGS. 9, 10 and 11 can be achieved in this

manncr.

Winding Arrangements with Division

1. Subdivision Into Three Parallel Branches

The variations for dividing up windings described in
previous embodiments with three parallel winding
branches in the normal operating stage (FIGS. 2 to 4
and FIGS. 6 to 11) are shown in Table X. Whole slot
windings are considered here which are generally used
in squirrel cage induction motors, with q slots per pole.
A leg then can be divided only into 2p/T winding
branches, where 2p is the number of poles and T is an
integral divisor of 2p. The three parallel branches must
be structured differently if the number of pole pairs p is
not divisable by three.

Table X shown below defines combinations depen-
dent on the number of poles wherein the upper section
of the table shows the number of coils per pole pair to

be provided; the middle section shows the number of 30

coil turns required if all coils are connected in series,
respectively (the conductor cross section is to be pro-
vided reciprocally thereto); and the lower section
shows another alternative, wherein the number of paral-
lel paths to be provided within each winding leg 1
uniform winding coils are used throughout.

A subdivision into parailel branches with different
configurations, i.e., different number and/or design of
individual coils can also be provided in the normal

operating stage in the two ‘basic circuits according to 4V

FIGS. 1 and 5§, with two parallel branches, as is indi-
cated, for instance, in Table XI. Similarly, coils with
different numbers of turns and wire cross sections or
winding branches subdivided into corresponding paral-
lel paths are then required in order to obtain the same
effective number of turns per branch.

2. Physical Arrangement of the Winding Branches

There are many possible groupings for the spatial

distribution of the individual winding branches as will
be shown in the following by the concrete example of a
2p=4-pole three-phase winding for N=48 slots. For
this example, the number of slots per pole and leg is

Coil arrangements which can be used for this purpose
are: concentric coil groups, such as FIG. 12 with 1X4
coils each; partially concentric coil groups, such as
FIG. 13 with 2X2 coils each; and coils of equal width
such as FIG. 14 with 4 X 1 coils each.

The subdivision into two winding branches IW and
IIW for a basic circuit according to FIG. 1 or FIG. §
can be made according to the coil groupings listed in
Table XII.

The smallest winding element of variants a and b 1s
the coil group of a pole so that for this purpose, continu-
ously wound concentric quadruple coil groups accord-
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ing to FIG. 12 or continuous 22 partially concentric
coils according to FIG. 13 are available as the most
practical winding design. These embodiments can also
be realized with coils of equal width according to FIG.
14.

In the groupings ¢, d, e, double coils are the smallest
winding elements as shown in FIG. 13 and 14.

In principle, a subdivision into two inner and two
outer coils could be provided also with concentric qua-
druple coils as shown to FIG. 12. As is indicated in
detail for the groupings ¢, d, there are two more vari-
ants each, depending on the sequence with which the
left 1 and right R double coils are assigned to the two
branches which differ from each other in spite of the
very similar overall structure as far as the harmonic
content i1s concerned.

A complete drawing of a three-phase winding ac-
cording to grouping C2 of Table XII connected accord-
ing to the basic circuit of FIG. 1 is shown in the FIG.
15. |

There are additional grouping variants especially
with the groupings f to m of Table XII. Individual coils
are required here as the smallest winding element so
that a coil arrangement according to FIG. 14 is most
advantageous. Many variants are possible due to the
fact that for the individual coil, for instance, under the
second and third pole in grouping f, the degree of free-
dom always exists to select of the four coils per pole
concerned as per FIG. 14, the first, second, third or
fourth coil. This example should be sufficient to indicate
the many possible variations. It must further be men-
ttoned that the two winding branches IW and IIW can
be structured differently from each other as shown by
groupings 1 and m in Table XII.

Determination of the Winding Subdivision and Coil
- Grouping

The increase of the effective machine impedance
during the acceleration the machine desired for reduc-
ing the inrush current is accomplished by the following
two mechanisms:

1. By connecting normally parallel winding branches
(i.e., branches parallel during the normal operation of
the machine) in series. The values for the ohmic resis-
tance R; and the stray reactance X per branch are in-
creased thereby in the two basic circuits as per FIGS. 5
and 1 by a factor of 4 or 4/3, respectively, as compared
to normal operation. |

2. By considerably increased harmonic reactances,
due to a multiplicity of additionally excited m.m.f. har-
monics with uneven, even and also fractional order.

In determining the winding subdivision and coil
grouping of the winding branches it is important to
select an embodiment on the one hand provides the
desired impedance increase but on the other hand,
avoids disturbing harmonic fields as far as possible.

Field harmonics which depress the torque/speed
characteristic in the startup range, for instance, addi-
tional asynchronous harmonic torques of type B ac-
cording to FIG. 16 are particularly undesirable. To-
gether with the fundamental torque A, these harmonics
produce a heavy depression in the resulting shape of the
torque/speed characteristic R. If a given countertorque,
for instance, countertorque Gi=constant or Gy =f (n)
must be overcome during startup, the danger exists that
the motor stalls at a crawling speed n;. Particularly,
corotating field harmonics, the synchronous speeds of
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which are in the startup range of the motor are also
undesirable. A counter-rotating harmonic field of type
C as well as corotating or counter-rotating fields of type
D or E of “subharmonics” with a correspondingly high
speed of rotating are hardly disturbing in this respect.
Their asynchronous torque components have a braking
or additional driving effect in the entire starting-up
range.

Referring to the subdivision possibilities for the wind-
mng branches indicated in Tables XI and XII, the point
1S to select suitable embodiments where still further
degrees of freedom consist in that the three winding
branches.

(1) can be structured, beside a mutually similar ar-
rangement, to be mutually offset by 120°, and also

(2) in a manner different from each other.

While with (1) the field harmonics excited by every
branch supplement each other in pairs alternating by
with cortating and counter-rotating harmonic fields,
also alternating fields occur with an asymmetric design
according to (2) for the design of circuits according to
the invention and of corresponding winding arrange-
ments, there is thus a wide field of possible variations
and matchings.

TABLE 1
(for FIG. 2)

Connection Switching
to Terminal Connections Notes

1, 2, 3 — Additional Winding
Delta Circuit Branches Z carry no
current; rest of winding
in delta circuit
Additional winding
branches Z alone in
operation

1. Stage

2. Stﬂge 7; 8: 9 -

1, 2,3 1-7, 2-8,

3-9

3. Stage Entire winding carries
current, additional
winding branches Zin Y
circuit parallel to the
rest of the winding in
delta circuit

Normal operation

triple Y circuit

1, 2, 3 1-7, 28,

3-9, 4-5-6

4. Stage

TABLE 11
(for FIG. 6)

Connection Switching
to Terminal Connections Notes

1, 2,3 — Additional Winding
Branches Z carry no
current; rest of winding
in delta circuit
Additional winding
branches Z alone in
operation

1. Stage

2. Stage 7,8, 9 —

3. Stage 1,2,3 Entire winding carries
current, one branch each
of the additional winding
Z is parallel to two
series-connected
branches of the rest

of the winding

Normal operation

, triple Y circuit
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1. Stage

2. Stage

3. Stage

4, Stage

1. Stage

2. Stage

3. Stage

4, Stage

3. Stage

1. Stage

2. Stage

3. Stage

8

TABLE II1
(for FIG. 3)

Connection Switching

to Terminal Connections Notes

7,8, 9 —_

1, 2, 3 —

i, 2, 3 1-7, 2-8,
3-9

1, 2, 3 4-5-6

Additional Winding
Branches Z connected
directly to the network;
winding train, closed in
itself, of the rest of

the winding serves as
Y-point connection
Additional winding
branches Z carry no
current; rest of the
winding in delta circuit

Additional winding
branches Z as a parallel
path to one branch each
(half of leg) of the
delta-connected rest of
the winding

Additional Winding
Branches Z carry no
current; rest of the
winding in double-Y
circuit

TABLE IV
(for FIG. 7)

Connection Switching

to Terminal Connections Notes

7,89 -

1, 2,3 —

1, 2, 3 1-7, 28,

3-9

I, 2, 3 147,
2-5-8,

3-6-9

1, 2, 3 14-7,
- 2-5-8,

3-6-9

Additional Winding
Branches Z with
opposed direction in
series with rest of
winding in delta

circuit

Additional winding
current; rest of winding
in delta circuit

Additional winding
branches Z as a parallel
path to one branch each
(half of a leg) of the
delta-connected rest of
the winding

Additional Winding
branches Z carry no
current; rest of the
winding in double-
delta circuit

Normalt operation;
triple delta-circuit

TABLE V
_(or FIG. &)

Connection Switching

to Terminal Connections Notes

4,5, 6 —

12,3 -

4,5, 6

#*

71-8-9

Additional Winding
Branches Z directly
connected to network:
winding train closed in
itself serves as the Y-
point connection
Additional winding
branches Z carry no
current; rest of the
winding in delta circuit

Only additional winding




4. Stage

J. Stage

9

4,890,049

TABLE V-continued

Connection

_(for FIG. 4)

Switching

to Terminal Connections Notes

1,2,3

1,2, 3

branches Z are active
in Y circuit

7-8-9

Additional winding

current; rest of the
winding in double-Y
circuit

Normal operation; -
triple-Y circuit with

three separated Y-points

TABLE VI
__(for FIG. 8)
Connection to  Switching
Terminal Connections Notes
1. Stage 1,2, 3 1-4 Partial winding
operation with only
three winding branches
in delta circuit
2. Stage L, 3,5 1-7 Partial winding
operation with six
winding branches in
delta circuit
3. Stage 1, 3, 5 1-7, 3~9, Parailel operation of one
- 5-8 delta circuit each with
three and six winding
branches
4. Stage 1,2, 3 1-4-7, 2-8, Partial winding
3-9 operation with six
winding branches in
double-delta circuit
5. Stage 1, 3,5 1-4-7, 2-5-8, Normal operation;
3-6-9 triple-delta circuit
TABLE VII
(for FIG. 9)
Connection to  Switching
Terminal Connections Notes
1. Stage 1, 2, 3 e All winding branches
carry current; always
two with opposite direc-
tion of excitation
2. Stage
(a) 4,5, 6 — Partial winding oper-
ation; six branches with-
out current
or (b) 1,2,3 1-4, 2-5, 3-6 Partial winding oper-
ation; six branches with-
out current
or (¢) 1, 2,3 7-8-9 Partial winding oper-

ation; six branches with-
out current
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TABLE VII-continued

(for FIG. 9)
Connection to  Switching
Terminal Connections Notes
3. Stage 4, 5, 6 7-8-9 Partial winding oper-
ation; three branches
without current
4, Stage 1,2, 3 1-4, 2-5, 3-6 Normal operation;
and triple-Y circuit
7-8-9
TABLE VIII
(for FIG. 10)
Connection to  Switching
Terminal Connections Notes
1. Stage 1, 2, 3 — Y circuit; three branches
tn series per leg, of
which two are in oppo-
site directions; all coils
carry current
2. Stage 4,5, 6 — Partial winding opera-
tion; Y-circuit only three
branches carry current
3. Stage 4, 5, 6 7-8-9 Partial winding opera-
| tion; double Y-circuit;
three branches remain
without current
4, Stage 1,2, 3 1-4, 2-5, All cails carry current;
3-6 parallel circuit of three
branches in Y-circuit
and six branches in delta
circuit
J. Stage 1, 2, 3 1-4, 2-5, Triple Y circuit for
3-6, 7-8-9  normal operation
TABLE IX
(for FIG. 11)
Connection to  Switching
Terminal Connections Notes
1. Stage 1, 2, 3 e All winding branches
carry current; always
two with opposed direc-
tion of excitation
2. Stage 1, 2,3 1-7, 2-8, 3-9 Partial winding oper-
ation: six branches are
without current |
3. Stage I, 2, 3 1-4, 2-5, 3-6 All winding branches
carry current; for each
leg, parallel circuit of
one each winding branch
of the own leg with two
sertes-connected
branches of adjacent
legs
4. Stage 1, 2,3 1-7-4, 2-5-8, Normal operation;
3-6-9 tripie delta circuit
TABLE X

__- Subdivision Into Three Parallel Winding Branches

Number of Poles

4 6 8 10 12 14 16 Etc.
No. of poles Branch 1 q 2qg2q3q4q4q 5q
per parallel Branch 2 qQ 2q3gi3q4q 59 35q
branch Branch 3 2q 2q3gq4q4q 5qg 6q
1. First embodi- Number of turns
ment, all per coil
colils in
series W1 1 1 1 1 1 1 1
") 1 1 5 1 1 4/5 1
w3 3 1 % 3 1 4/5 5/6
2.  Second Required -
~ embodiment, parallel paths
uniform coil
windings aj i i 2 3 1 4 3
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TABLE X-continued

12

- Subdivision Into Three Parallel Winding Branches

Number of Poles
4 6 8 10 12 14 16 Ftc
throughout
ar 1 {1 3 3 1 5 5
a3 2 1 3 4 1 5§ 6
TABLE XI

M
Subdivision Into Two Different Parallel Branches

Number of Poles

4 6 8 10 12 14 etc,
e ———— N T N R tutd
With Equal

Subdivision 2q+2q 3q+3q 4q+4q S5qg+4+5 6q+6q 7q+7g
With Different q+3q 2q+4q 3q+5q 4q+6 q+7q 6q+8q
Subdiviston 2q+6q 3q+7 4q+8q 5q-+9q
2gq+ 8 3q+9q 4q+4+ 10q
2q+10g 3q+1ligq

TABLE XII

Systematic Overview of the Different Subdivision Variation for
2p = 4 with 2 = 4 coils per pole per leg.

Coil Assignment to the [Illegible]

winding
Grouping  branch

(a)
(b)

l.pol.  2.pol.

IW 4
1w
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3.pol. 4.pol

4 — FIG- 121 '
4 13, 14
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We claim:

1. A circuit and winding arrangement for starting up
a three-phase rotating-field machine, especially an in-
duction motor having a squirrel cage winding and a
stator winding, wherein the stator winding of the ma-
chine is subdivided for each phase into three winding
branches and is switchable to at least three different
operating stages for increasing the impedance of the
machine during the starting up process, the first and
second winding branches of each phase being joined
permanently into a self-contained winding train,
whereby six connection points are formed by common
connection points of two respective winding branches,
and wherein three selected connection points of the first
and second winding branches are connected in delta
formation during an operating starting up stage and
three further connection points during a further starting

23
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35

65

up stage are connected in a double delta formation, and
wherein during a normal operating stage the third
winding branches are connected in delta formation.

2. The circuit and winding arrangement recited in
claim 1, wherein the third winding branches are perma-
nently connected in delta formation.

3. The circuit and winding arrangement recited in
claim 1, wherein the third winding branches are con-
nected by one of their winding ends to the three further
connection points of the self-contained winding train.

4. The circuit and winding arrangement recited in
claim 3, wherein another winding end of the third wind-
iIng branches is brought out as a separate connection.

5. The circuit and winding arrangement recited in
claam 1, wherein the three winding branches of each
phase are switched in parallel during the normal operat-
Ing stage and have a different number of coils which are
arranged differently distributed in space, said coils hav-
ing a different winding number and different conductor
Cross sections.

6. A circuit and winding arrangement for starting up
a three-phase rotating-field machine, especially an in-
duction motor having a squirrel cage winding and a
stator winding, the stator winding of the machine being
subdivided into three winding branches, wherein, for
increasing the impedance of the machine during the
starting up process, the machine is switchable to at least
three different operating stages, all winding branches of
the individual phases being joined permanently to a
self-contained winding train, whereby altogether nine
connecting points are formed by the connecting places
of two respective winding branches, and wherein by
connection of three selected connecting points of the
winding train and bridging over of one of the connect-
ing points with a selected connecting point of the re-
maining connecting points, the first and the second
winding branches are delta connected during a start-up
operating stage, and wherein by corresponding further
bridging over of the three connecting points by three
further connecting points of the remaining connecting
points, the first and second winding branches are dou-
ble-delta connected during a further start-up stage, and
during a normal operating stage the third winding
branches are delta connected.

7. The circuit and winding arrangement recited in
claim 6, wherein the three winding branches of each
phase are switched in parallel during the normal operat-
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ing stage and have a different number of coils which are
- arranged differently distributed in space, said coils hav-
ing a different winding number and different conductor
CIoss sections.

8. A circuit and winding arrangement for starting up
a three-phase rotating field machine, especially an in-
duction motor having a squirrel cage winding and a
stator winding, the stator winding of the machine being
subdivided into three winding branches for each phase,
wherein, for increasing the impedance of the machine
during . the starting up process, the machine is switch-

able to at least three different operating stages, the first
and second winding branches for each phase being
joined permanently to a self-contained winding train,
whereby connecting points of two winding branches
associated with the same respective phase during a
normal operating stage are provided as external connec-
tions and further connecting points between the wind-
ing branches associated with different phases during a
normal operating stage are Y-switchable and wherein
the third winding branches are connected and provided
at another winding end, whereby during the normal
operating stage a triple Y circuit is formed.

9. The circuit and winding arrangement recited in
claim 8, wherein the three winding branches of each
phase are switched in parallel during the normal operat-
ing stage and have a different number of coils which are
arranged differently distributed in space, said coils hav-
ing a different winding number and different conductor
Cross sections.

10. The circuit and winding arrangement recited in
claim 8, wherein the third winding branch associated
with a selected phase during the normal operating stage
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1s connected with a further connecting point of the
winding branches associated with the two other phases
during the normal operating stage, whereby in internal
Y-points not provided as network connections with
only six connections three operating stages are possible.

11. A circuit and winding arrangement for starting up
a three-phase rotating field machine, especially an in-
duction motor having a squirrel cage winding and a
stator winding, the stator winding of the machine being
subdivided into three winding branches per phase,
wherein, for increasing the impedance of the machine
during the starting up process, the machine is switch-
able to at least three different operating stages, wherein
three respective winding branches of alternating cur-
rent-flow direction are delta connected in series and
connecting points between the individual winding
branches are provided as connections, whereby during
a start-up stage the complete series connection of the
winding branches is switched on and during a further
start-up stage, the winding branches wherein current-
flow is in opposing directions during the one starting up
stage are bridged over, and during the normal operating
stage all winding branches are switched in triple delta
formation.

12. The circuit and winding arrangement recited in
claim 11, wherein the three winding branches of each
phase are switched in parallel during the normal operat-
ing stage and have a different number of coils which are
arranged differently distributed in space, said coils hav-
ing a different winding number and different conductor

Cross sections.
*x * * -
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